Summary Intragastric nitrosation has been implicated in the pathogenesis of gastric cancer and in precancerous conditions such as pernicious anaemia and the post-gastrectomy state. Intragastric nitrosation was assessed in at-risk patients by N-nitrosoproline (NPRO) excretion using both a conventional and a modified test. Twenty-four hour urinary excretion of NPRO was measured after oral administration of sodium nitrate (300 mg) and L-proline (500 mg) as an indirect indicator of intragastric nitrosation. In the conventional test no differences in intragastric nitrosation were found between at-risk patients and controls. In the modified test the loading dose of sodium nitrate was omitted and urinary NPRO levels were found to be significantly increased in Polya partial gastrectomy patients (P = 0.003) and post-vagotomy patients (P = 0.03) compared to controls. In pernicious anaemia patients NPRO levels were also higher than in controls but just failed to reach statistical significance. This study has confirmed that hypochlorhydria results in increased intragastric nitrosation, thus facilitating the formation of potentially carcinogenic N-nitroso compounds.
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Intragastric nitrosation may generate carcinogenic N-nitroso compounds responsible for the development of gastric cancer (Correa et al., 1975) . Epidemiological studies have shown an increased incidence of gastric cancer in areas with high nitrate concentrations in water and soil (Hill et al., 1973; Cuello et al., 1976; Haenszel et al., 1976) and clinical studies have shown increased intragastric nitrite levels in at-risk patients such as those with previous gastrectomy (Jones et al., 1978; Schlag et al., 1980) or pernicious anaemia (Bartholomew et al., 1980) . Hypochlorhydria encourages intragastric bacterial proliferation (Ruddell et al., 1976) ; intraluminal bacteria (Reed et al., 1981) and nitrite (Muscroft et al., 1981; Stockbrugger et al., 1982; MiltonThompson et al., 1982) increase directly with gastric pH.
The aetiological role of N-nitroso compounds, the end products of nitrosation, remains controversial. Increased levels of N-nitroso compounds have been reported after Billroth II (Polya) resection (Schlag et al., 1980; Reed et al., 1981) and vagotomy (Reed et al., 1981) , in patients with pernicious anaemia (Reed et al., 1981) and in those treated with cimetidine (Stockbrugger et al., 1982) or omeprazole (Sharma et al., 1984) . Other workers, however, have not confirmed these findings (Muscroft et al., 1981; MiltonThompson et al., 1982; Keighley et al., 1984) . The discrepancy may reflect methodological differences, for example in the sampling and collection of gastric juice and the analysis of N-nitroso compounds (Clark et al., 1985) . Most studies finding increased levels of N-nitroso compounds have used the method of Walters et al., (1978) in analysis, while those finding no such increases have used the method of Bavin et al. (1982) .
Intragastric nitrosation may be assessed indirectly by measuring N-nitrosoproline (NPRO), which is excreted unchanged in the urine (Ohshima & Bartsch, 1981 (Table I ). All the participants in the study were either inpatients or outpatients, eating normal diets, and no restrictions were made on their diets beforehand. The controls had no known history of gastric disease. There were 14 patients who had undergone vagotomy, with or without pyloroplasty. Twelve patients had undergone Polya partial gastrectomy and nine patients had pernicious anaemia.
Subjects were asked not to eat from midnight before the test. Liquids were allowed for breakfast, and at 09.00h they were given 300mg sodium nitrate in aqueous solution to drink. Half an hour later they were given 500mg of Lproline in aqueous solution. Thereafter they were asked to refrain from eating and drinking for 2 h and smoking for 4 h. At the end of this period they were allowed to eat and drink normally but were asked to avoid eating smoked meat and fish and to avoid drinking beer (substances assumed to be high in natural nitrosoproline). Urine was collected over the 24-h period in a 3-litre bottle containing 10 g sodium hydroxide. At the end of the test period the volume of urine collected was measured and 50ml was taken for analysis of N-nitrosoproline content. Oamples were stored at -20C until analysis, which was undertaken within 3 months to prevent artefactual nitrosamine formation.
Following the completion of this phase of the study a modified test was performed on many of the same patients and on others drawn from the gastric follow up clinic. Further controls were obtained form in-and outpatients. The modification involved omitting the oral dose of sodium nitrate.
Modified NPRO test Twenty controls and 35 patients were studied (Table I) . Nine patients had undergone vagotomy, with or without pyloroplasty, 15 patients had undergone Polya partial gastrectomy and 11 patients had pernicious anaemia. that post-gastric surgical patients, allegedly at increased risk of gastric cancer, had higher rates of intragastric nitrosation than normal controls. This finding has recently been confirmed by this group of workers (Bartsch et al., 1984; Crespi et al., 1987) and also independently by Hall et al. (1987) .
Two different types of intragastric nitrosation are thought to occur: first, an acid-mediated reaction which occurs in the normal stomach (Sander, 1967; Alam et al., 1971; Braunberg & Dailey, 1973) ; and second, a bacterial nitrosation which occurs in the hypochlorhydric stomach .
In the normal acidic stomach gastric juice contains very low concentrations of nitrite, and thus the potential for nitrosation is extremely low. In the conventional N-nitrosoproline test, the enormous oral dose of sodium nitrate floods the stomach with nitrite, which is produced in the salivary glands and swallowed in the saliva. Gastric concentrations of nitrite are several orders of magnitude higher than normal and could selectively enhance the powerful acid-mediated chemical nitrosation that occurs in the normal stomach. The artificially high level of nitrosation in controls might thus obscure any lesser differences. When sodium nitrate was withheld increased intragastric nitrosation was indeed observed in the at-risk groups compared to controls.
The N-nitrosoproline test appears to be a valid method for assessing intragastric nitrosation (Hall et al., 1987) , but it may not provide an entirely accurate representation of events. The urinary excretion of N-nitrosoproline is known to vary between normal subjects. These fluctuations are probably due to variations in gastric pH (Wagner et al., 1985) , since the endogenous nitrosation of proline is highly pH-dependent with an optimum pH of 2.5 (Mirvish et al., 1973) .
Although NPRO has been shown to be non-carcinogenic in animal studies, (Mirvish et al., 1980) it was considered ethically unacceptable to perform the test too frequently on one patient. We were therefore unable to determine the variability of the test, though with the numbers of patients used this factor seems unlikely to have influenced the results. Furthermore, Bartsch et al. (1984) noted only modest variations in NPRO excretion in one subject over a 2-year period. Because cigarette smoking may increase NPRO excretion (Ladd et al., 1984) , patient selection ensured that the number of smokers was similar in each group, and patients were asked to refrain from smoking at the beginning of the test period when nitrosation was assumed to be maximal.
In conclusion, a modification of the N-nitrosoproline test has shown evidence of increased intragastric nitrosation in at-risk patients and therefore supports the nitrosamine hypothesis of gastric carcinogenesis.
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